Abstract: Styrene was encapsulated by an equimolar amount of randomly methylated β-cyclodextrin (CD) in water resulting in a water-soluble CD complex. Polymerization of this complex was carried out at 50°C using different amounts of the water-soluble azo-initiator 2,2'-azobis[N,N'-dimethyleneisobutyramidine] dihydrochloride. Unthreading of CD during polymerization led to water-insoluble polystyrene. Analysis of the polymers obtained showed that the polymerization from homogenous aqueous solution can be described by an equation similar to the classical polymerization in solution (number-average degree of polymerization vs. initiator concentration: P n -1 ~ [I] 0.5 ).
Introduction
Cyclodextrins are ring-shaped molecules formed by degradation of starch by amylases. They consist of 6(α), 7(β), 8(γ) or more units of 1,4-linked glucose and exhibit a truncated-conus-shaped structure with a hydrophobic cavity and hydrophilic rim. This structure is the key to enclose smaller hydrophobic molecules to form hostguest compounds, in which the host is entrapped in the cavity of the cyclodextrin torus [1] [2] [3] [4] . Despite the fact that the guest molecule is water-insoluble like, e.g., styrene (1), the complex formed by treatment with an aqueous solution of cyclodextrin becomes water-soluble without any chemical modification done during the complexation. Complexation takes place without forming covalent bonds but is a result of weak bond interactions between host and guest like van der Waals or of hydrophobic nature.
Research in our group is focused on the radical polymerization of cyclodextrincomplexed methacryl derivatives and some other types of monomers. Recently we have investigated the surfactant-free polymerization of hydrophobic vinyl compounds using cyclodextrin as solubilizer. Furthermore, the preparation and polymerization of equimolar cyclodextrin complexes of commercial standard monomers like styrene 1 and methyl methacrylate (MMA have been described. It was also shown that the precipitation polymerization of a cyclodextrin complex of a poorly water-soluble monomer like MMA can be described by kinetic equations similar to those for the classical polymerization in solution [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
In the present communication we wish to report for the first time about the kinetics of the free-radical-initiated polymerization of a 1:1 CD host-guest complex of hydrophobic styrene. The water-solubility of styrene is approximately ten times lower than the water-solubility of MMA. Additionally the complexation constant is nearly ten times higher for styrene [13, 21, 22] . The lower water-solubility of styrene and its higher complexation constant with CD compared to the above mentioned MMA complex was the motivation to investigate the dependency of the molecular weight from the initiator concentration. In classical radical chain polymerization, the polymerization rate in solution is proportional to the square root of initiator concentration [I] , and the number-average degree of polymerization P n is inversely proportional to the square root of [I] . Thus, a plot of log P n versus log [I] should give a straight line with a slope of -0.5 [23, 24] .
Results and discussion
To an aqueous solution of CD an equimolar amount of styrene (1) 
Conclusion
Results indicate that the polymerization of a 1:1 CD complex of styrene in water can be described by kinetics valid for the classical radical chain polymerization in solution [24] . This new result corresponds with those achieved before with the more hydrophilic monomer MMA [13] . Thus, this is another example of a possible route to perform high-conversion solution polymerization of a hydrophobic monomer in water. GPC analyses were performed on a GPC system from PSS with PSS-Win-GPC software 4.01, 6.1, respectively, with dimethylformamide as eluent. The system was calibrated with polystyrene standards with a molecular weight range from 374 up to 1 000 000. Flow rate was 1 mL/min. 150 µL of a 0.125% (w/w) polymer solution was given to a HEMA column combination consisting of a pre-column of 40 Å and maincolumns of 40, 100 and 3000 Å porosities.
General complexation and polymerization procedure 1.8 g (18 mM) Styrene (1) was added to a solution of 24 g (18 mM) CD in 50 mL water. The solution was stirred to give a clear colourless solution. The solution was degassed and purged with nitrogen. To this solution different amounts of the watersoluble azo-initiator (VA-044) were added under nitrogen at 50°C (details given in Tab. 1). Polymerization was terminated at low conversion (8 -10%) with hydroquinone monomethyl ether and by pouring it into cold methanol. The polymer was filtered off and washed with methanol several times to remove traces of CD. The polymer was then dried in vacuum and analyzed by GPC.
